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INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION River
Challawa is an important resource which supplies water for irrigation, drinking after treatment, agricultural and fishing activities. It is true that selfpurification processes which occur in a stream enable it to safely handle some wastewater discharges; there is however a limit to its assimilation capacity. The indiscriminate discharge of waste water effluents and municipal sewage into the river may impact negatively on the health of aquatic organisms. For a safe sustainable environment, there is a need for a proper assessment of streams and rivers in Nigeria to ensure control of waste discharge within a stream assimilation capacity which will subsequently result in improved water quality and optimum utilization [1] . The study is composed of three (3) major aspects: The first aspect is the reconnaissance survey and field work for the gathering of in-situ information on Dissolved Oxygen, the acquisition of raw wastewater effluent sample for BOD, COD, TDS analysis as well as information on other hydrodynamic factors such as stream velocity, depth and width. The sampled reach was limited to 10.644 km from the upstream at Yandanko to the downstream at Tamburawa. The second aspect was the laboratory analysis of the industrial effluents for physical, chemical and bacteriological characteristics. The laboratory analyses were carried out at the Water Resources/ Environmental Engineering Laboratory, Department of Civil Engineering, Bayero University and the Kano State Pollution Laboratory, Farm Centre, Kano. The final aspect was the development of the k2 model establishing the relationship between the parameters and developing the Oxygen sag curve for the area investigated based on the data collected.
METHODOLOGY
METHODOLOGY METHODOLOGY METHODOLOGY The study was carried out from three different areas, located between longitude 8 o 22'E and 8 o 33'E and latitude 11 o 59'N to 11 o 52'N, on:
(i) Challawa River with eight sampling stations, (ii) Waste discharges from effluents in the Sharada Industrial Estate such as the Unique Leather Finishing and others discharging into the Salanta river and flowing through Sabuwar Gandu, Kumbotso and entering the Challawa river at Tamburawa. There were a total number of five sampling points here. (iii) The third sampling point was from the industries in the Challawa Industrial Estate, made up of Mario-Jones industrial effluent, God's Little industrial effluent, Maimuda industrial effluent,
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Globus industrial effluent and Fata industrial effluent and the confluence of the waste discharges from the Challawa Industrial Estate which finally discharged directly into the Challawa River at Yandanko. There were five sampling points at the Challawa Industrial Estate. There were eighteen (18 No) sampling points in all. Other industries in the areas include textile industries and a bottling company. Detailed reconnaissance survey of the study area was carried out to ascertain the sampling points. The survey was made by locating the industrial industries in the estates and following the flow through to the points of discharge on Challawa River. Figure 1 shows a schematic view of the study area. A detailed survey of all the points of wastewater discharge into Challawa river were noted and sampling stations designated 1 to 18 were established as explained earlier. Also, Figure 2 is a map of River Challawa showing the sampling points.
Agunwamba et al analyzed the polluted status of Amadi Creek and its management, considering the effect of hydraulic radius in place of the depth of the river at different location, and obtained [2] .
Ademoroti confirmed in his work that reaeration rate constants (k2) depend on the condition of the river. A fast moving shallow stream will have a higher reaeration rate constant than a sluggish stream of stagnant pond or lake [3] . The method used for the computation of reaeration coefficient was based on:
Where k2 is the reaeration coefficient (day‫,)¹-‬ H is the depth of stream (m) and V is the velocity of flow (m/s), a, a1, a2 were constants obtained using regression equations. 
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Samples for water quality analysis were collected in 1000ml plastic containers which were initially washed with detergent and rinsed in distilled water. The containers were finally rinsed with diluted sulphuric acid before sampling. Samples were tested immediately but for those that needed preservation, 2ml. of conc. H2SO4 were added per litre and kept in the refrigerator at 4°C. Dilutions were carried out as required for samples that were heavily polluted before analysis.
All field meters and equipment were checked and calibrated according to the manufacturer's specifications. The pH meter was calibrated using buffers of 4.0, 7.0 and 10.0. The Total Dissolved Solid/Conductivity meter was calibrated using potassium chloride solution. pH and Temperature were carried out using model 4071 meter. Determination of the total dissolved solids and total suspended solids were carried out in the laboratory using the CE 393 digital spectrophotometer. Dissolved oxygen was measured using Jenway9015; chemical oxygen demand was determined by the dichromate digestion method while the biochemical oxygen demand was determined by the dilution method. In situations where measurements have to be taken in-situ, such as dissolved oxygen pH, total suspended solids, spectrophotometer calibrated according to manufacturers' specification were used. The relationship between physicochemical parameters are also observed and presented as Table 1 . BOD requires a minimum of 5 days incubation before analysis and suffers from poor reproducibility. The other oxidation tests were developed to reduce the time required for analysis in hopes of using these tests for control of wastewater treatment processes. The COD test gave a relatively quick estimation of the carbonaceous contents of the sample (within a matter of 3 hours) compared to the BOD test, which normally takes 5 days. Also the COD test has a higher precision than the BOD test. As polluted water bodies may have a varying proportion of degradable and non-degradable substances in them, the only practical way in which the COD test can be used for estimation of BOD is to develop a specific correlation between COD and BOD values for specific case. The BOD values, observed in industrial wastewater, at various sampling have been plotted against the COD as shown in Figure 3 above. Estimating and modelling the interrelationships between physicochemical pollutants of industrial wastewater such as biochemical oxygen demand is a measure of pollution due to biodegradable organic matter and indicates expected oxygen requirement for water quality improvement. An ecological system under stress has high BOD resulting in oxygen depletion which is not favourable for biological growth. It indicates a degree of anthropogenic source of pollution caused by introduction of sewage or solid waste and is closely associated with other parameters like phosphate and nitrate (nutrient) which cause eutrophication (algae bloom), increase biomass and deplete dissolved oxygen during decay of the biomass [1] . Also TSS had a good correlation with BOD but the most significant parameters that impact on BOD was COD as mentioned before. Based on the above results, the study underscores the need for immediate remediation programs to control the discharge of polluted wastewater into Challawa and Sharada rivers. The ratio COD/BOD can be used to assess toxicity of bio-medium. Higher amount implies that the medium has high toxicity. The ratio of COD to BOD does not change significantly and a constant for any particular wastewater. Figure 6 shows the graph of BOD5 versus time used in the measurement of the deoxygenation constant, k2 [4] . 
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coefficient of correlation the standard error of estimate was the least. Table 2 gives the calibration and verification data, while Figure 8 
where L(0) P L0; D(0) P D0 (5) Using Laplace Transformation of (ft) defined by [7] :
Where L P L0exp(-kt) (8) . [5] , b: k2 P 1.923U 1.325 /H 2.006 [4] , c: k2 P 11.635V 1.0954 /R 0.016 for Agunwamba [7] , d: k2 P 3.93U 0.5 /H 1/5 [6] , and e: k2 P 5. If equation (11) is resolved into partial fraction, the equation below is obtained:
Integrating (12) around the appropriate Greenwich contour, C using the formula
It is clearly shown that: (3) and (4) are modified by incorporating the settling of the industrial waste which occurs along the River reaches. Equation (3) (18) Again, equations (3) and (4) are expressed as:
Obtaining an explicit solution of equation (22), subject to the usual initial conditions, is possible only if the exact function k2 (t) is determined. But k2(t) is a random variable since it is a function of the depth, flow and wind velocity at each section as well as temperature. In fact, the presence of k2 makes equation (22) a stochastic equation. Hence, for simplicity, we resort to numerical solution.
The finite difference template of equation (17) can be expressed as:
Re-arranging, we have:
In ( ∆t values attached to k1 have to be expressed in minutes. Table 3 shows the computation data for the oxygen sag at different sections of River Challawa. By substituting the values of ∆t, Di, K2i, K2i+1 and other parameters in equation (29), Di+1 was obtained. For example, if t P 0, then ∆t P 0, the value of deficit dissolved oxygen recorded against row 1, column 5 was obtained (Table 11) .
K1 P 0.251 day -1 ; Vs P 0.157cm/min Table 4 shows the oxygen sag calculations with variable values of reaeration constant (k2). Table 5 shows the measured and predicted values of oxygen sag along River Challawa. Figure 9 shows the oxygen deficit against distance along Challawa River. Figure 9 shows the trend of oxygen deficit with increased distance along River Challawa showing self purification up to 9 km where from the upstream where waste industrial effluents are introduced. From the graphs presented, it is obvious that the improved technique presented gave a profile closer to the measured oxygen deficit values than the conventional approach. The coefficients of correlation for the two approaches are respectively 0.9572 and 0.4558. This underscores the importance of using the re-aeration coefficient values at each section and incorporating the fall velocity. In addition, the finite difference computation scheme allows for flexibility and direct incorporation of numerical values of the coefficients at every point. Hence, since the velocity also varies from section to section, using variable velocity in the computation is likely to improve the predictions further [9] . The value of the re-aeration coefficient (f) for the Challawa River varies between 0.40 day -1 to 0.56 day -1 which puts the river in the sluggish stream category. The self purification factor obtained showed the River Challawa as a heavily polluted stream. 6 6 6 6. . .
. CONCLUSION CONCLUSION CONCLUSION CONCLUSION The values of re-aeration coefficient, flow velocities and water depth determined at some sections in River Challawa were used to obtain for this first time for Challawa River a re-aeration equation. The high value of the coefficient of correlation is indicative of the goodness of fit of the equation to measured data. As expected from such an empirical modelling, the new equation predicted k2 values better than the other six re-aeration equations including three of them that were based on rivers in Nigeria. The modelling was also extended to the prediction of the oxygen sag along Challawa River. Based on the deoxygenation and re-aeration constants and initial oxygen deficit, the rest of the values of the deficit from Yandanko were routed down to Tamburawa. An approach based on finite difference template was compared with the conventional analytical approach. The results of the conventional approach which ignored especially the variability of k2 along the river reaches, were compared with the improved approach, a numerical technique which incorporated the spatial variation in k2. Results showed that the incorporation of the variability of k2 in the determination of the oxygen sag equation predicted values closer to the measured values than when it was ignored. 
